saturation to facilitate seed adhesion to the soil. After sowing, seeds were left exposed to 9 natural conditions in the field and no watering other than natural rain was done. The 10 first planting was started with seeds fully ripened in the greenhouse. All other plantings 11 were started with seeds collected in the field in the previous planting, with the exception 12 of C24 seeds in planting 4, which were taken from planting 2 (the C24 genotype did not 13 survive winter in planting 3). At complete senescence, plants were collected and dried in 14 paper bags and seeds were harvested. Immediately after harvest, 50 field--collected 15 seeds (taken from a pool of 500 seeds collected from 5 plants per pot) of the two NILs 16 and their wild--type parents were placed in 12 replicate pots, for each of the two soil 17 compositions and 4 genotypes. There were two exceptions to this scheme: planting 1 18 was started with 200 seeds and conducted in only four replicates (32 pots), and planting 19 5 was performed with only Col--0 and Col NIL due to limitation in personnel (48 pots). The 20 timing of the different plantings is given in Fig. 1 . 21
For all plantings, seedlings other than A. thaliana were immediately removed when they 22 appeared. Our experiment included empty pots to evaluate whether migration occurred 23 between pots. After detecting migrants in control pots, we verified the genotype of each 24 seedling. Individuals with the C24 background display glabrous leaves whereas those of 25 8 individuals with the Col--0 background are hairy. The genomic background could thus be 1 verified visually. A leaf was collected from each single plant to extract DNA and genotype 2 the individual at Chr4 by PCR with primers mi05 (5'--CTCTTGCTGCGTAGGGTTCCC--3') and 3 mi06 (5'--ATCTCCCCACTCCCCAATTTT--3'), which generate a length polymorphism at 4 AT4G24415 within the chromosome 4 introgression [31] . We detected 26 heterozygotes 5 in 453 individuals in planting 4, suggesting an outcrossing rate in the field of about 5%. 6
These individuals were removed from further analysis. 7 8
Fitness and phenotype scoring 9
For the first planting, early, intermediate and late germinants were observed but the 10 exact germination date was not scored. Germination time was scored for plantings 2--5, 11 flowering time (date of the first open flower) was scored for all five plantings. Silique 12 number was counted for a sample of 3--8 randomly chosen plants in each population. In 13 total, fitness was scored for 96, 401, 583, 301 and 691 plants in plantings 1 to 5, 14 respectively (for a total of 2072 plants). In addition, in plantings 2, 3 and 4, the number 15 of seeds was determined for three siliques in each of 3 randomly chosen plants per 16 population. For fruit number and flowering time, an average was computed for each 17 population (e.g. each pot). The average fruit number per pot was taken as an estimate of 18 lifetime fitness. Variation in average seed number per silique did not change the 19 conclusions based on fruit number (not shown). When plants in a pot failed to germinate 20 or survive until reproduction, lifetime fitness was set to zero. To account for variation in 21 germination rates, we included plant density as a covariate in the analyses (see below). 22 23
Statistical analysis 24 9
All statistical analyses and figures were performed in R. A generalized linear model 1 (GLM) was used to establish the minimal model explaining phenotypic or fitness 2 variation. For this, we followed the procedure described in Crawley 2005. A first model 3 with average lifetime fruit production as a dependent variable and including, as 4 explanatory variables, the main factors planting, soil type, genomic background and 5 chromosome 4 region, as well as the 2--way, 3--way and 4--way interactions between 6 these factors was run. To take into account variation in fruit number that may result 7 from competition in densely populated pots, the total number of plant in each 8 population was also included as an explanatory covariate. Non--significant interaction 9 terms were removed one by one, from the most complex to the least complex, using the 10 F--test implemented in the R function drop1. To control for the non--Gaussian distribution 11 of error, we used a negative binomial distribution of error (implemented in R Package 12 MASS) and tuned its free parameter to adjust the residual deviance to the degrees of 13 freedom of the model. This adjustment was performed at each step of the procedure, 14 until the minimum model was determined. The resulting "minimal" model included the 15 four main factors and the significant interaction terms that remained. Interpreting the 16 effect of a single experimental factor is not straightforward in the presence of 17 interactions between factors, especially when the 4--way interaction is significant. We 18 thus broke down the factors and conducted separate ad--hoc GLM for each genomic 19 backgrounds or for subsets of plantings. The fold--change attributed to experimental 20 factor was calculated by taking the exponential of the log estimates given by the model 21 (GLM with negative binomial distribution of error used the natural log as a link 22 function). This measure corresponds to the odds ratio associated with the factor. The 23 proportion of variance explained by each factor or interaction term, was calculated as 24 the ratio of the deviance computed for a given factor against the total deviance. To 25 compute the fitness fold--change attributed to the chromosome 4 introgression within 1 each combination of experimental factor (planting, soil composition and genomic 2 background), we ran a separate GLM analysis with introgression as a factor nested 3 within a factor called "setting", which combined soil condition, planting and genomic 4 background in 16 levels. Fitness fold--change attributed to variation in the chromosome 5 4 region was calculated as described above. 6 1 Results 2
Effect of experimental factors on Lifetime fitness 3
We monitored average fruit (silique) production in experimental A. thaliana populations 4 over 5 naturally consecutive plantings by counting the average number of siliques 5 produced per pot ( Fig. 1) . A generalized linear model with a negative binomial 6 distribution of error adjusted to minimize overdispersion revealed that all factors of the 7 experiment interacted with each other to alter this measure of fitness ( Table 1) . 8 9 The average number of siliques (fruits) produced in each population was significantly 10 affected by the number of germinants (or survivors) in each replicate population, i.e 11 plant density (p= 1.03e--11, Table 1 , Spearman coefficient r = --0.30, p= 3.7e--07, Suppl. 12 Fig. 2 ). This correlation, however, was present only in experimental plots in which 13 germination and survival rates were high, especially plantings 2, 3 and 5 (Suppl. Fig. 2a ). 14 Focusing on planting 2, where both backgrounds could be compared, the decrease of 15 silique production associated with increased plant density was only effective for the Col--16 0 background (Suppl. Fig.  2b ). The C24 background, instead, did not yield high density 17 because of a lower germination rate, especially in sand for the planting initiated in the 18 summer (not shown). In the remaining of the analysis, plant density was included as a 19 cofactor, so that the genetic and environmental effect reported below are independent 20 of population density. 21 22
The strongest part of variance was explained by variation across plantings (36% of the 23 variance, p <2.2 e--16, Table 1 ). Indeed, both highest and lowest values for average 24 silique number per population were observed in planting 3, where most of the 25 experimental populations with C24 genomic background did not survive ( Fig.  2A ). As a 1 consequence, the second largest effect was controlled by the interaction between 2 genomic background and planting (18%, p<2.2e--16, Table 1 ). To characterize the details 3 of average fitness variation across plantings for a single genotype reaching 4 reproduction, we focused on the Col--0 background, which completed its cycle in all 5 5 plantings ( Table 2 ). The log estimate of this analysis revealed that average silique 6 production per plant in planting 3 was 14 times higher than in planting 1, which was 7 itself 2.6 times higher than in planting 5 ( Fig. 2B ). We thus estimate that, in this 8 experiment, average fruit number per population varied by up to 2.6*14 36--fold across 9 plantings for the sole Col--0 genomic background. 10 11
As expected soil quality also had a significant effect on silique production (p =6.07e--06, 12 Table 1 ), with fitness tending to be lower in sand across all plantings, except in planting 13 3, where growth on sand was advantageous for the Col--0 background (Fig. 3A) . 14 Although a relatively small proportion could be attributed to the main effect of genomic 15 background (3%, p= 5.22e--11, Table 1 ), this factor accounted for a large part of the 16 significant interaction effects with planting and soil. In the three plantings (1, 2 and 4) 17
where the two backgrounds could be compared for fruit production, Col--0 displayed 2--18 fold greater fitness than C24 in sand, an effect that was not seen in turf (main effect, log 19 estimate 0.85, p= 1.8e--07, interaction with soil, log estimate --0.89, p=9.8e--06, Fig. 3B , 20 Table 3 ).
22
The effect of the chr 4 introgression (Tables 1 and 3) was modulated by all factors,  23 including planting, soil and genomic background (F= 10.42, p=1.67e--13, Table 1 ). The 24 interaction between planting conditions and background also changed significantly the 25 13 effect of the introgression (F=9.7, p<2.2e--16, Tables 1--2). To investigate which factorial 1 combination revealed the effect of the chr4 introgression, we ran a separate GLM 2 analysis with introgression as a factor nested within a factor called "setting", which 3 combined soil condition, planting and genomic background in 16 levels (Fig. 4 ). This 4 analysis revealed that the effect of the introgression was significant for 3 of the 16 5 settings and its effect was estimated to reverse from a 50% decrease to a 2--fold increase 6 in silique production for the C24 Chr4 allele. Although the introgression of Col--0 into the 7 C24 background was larger than the reciprocal introgression, we detected a significant 8 effect either in both backgrounds or in the Col--0 background only ( Fig. 4 ) suggesting 9
that it is the overlapping portion of the reciprocal introgression that displays fluctuating 10 fitness effects. 11 12
The effect of the introgression, when it is significant, is comparable in magnitude to the 13 2.3--fold increase in silique production per plant of Col--0, compared to the C24 genomic 14 background (Table 3) . Thus, in some conditions, the Chr4 introgressed region can reach 15 an effect comparable in magnitude to the average effect caused by the whole genomic 16
background. 17 18
Effect of experimental factors on life--history variation 19
We observed that plant lifespan varied drastically across the 5 successive plantings ( Fig.  20 1). In the second planting, the life cycle was completed in two months. In planting 3, the 21 life cycle was completed after 8 months and in planting 4, in approximately 4 months. 22
Flowering in planting 4 was terminated in late September (a month later than in 23 planting 2 the previous year), which resulted in a late--fall distribution of seeds for 24 planting 5 and an overwintering at the seed stage. 25
The duration of vegetative growth is believed to have an important impact on final 2 fitness [27, 32] . Yet, in our experiment, we observed no obvious correlation between 3 silique production and the duration of the vegetative life cycle (Fig.  5) . Col--0 in planting 4 3 yielded slightly higher fitness than planting 2 and 4, despite a much longer period of 5 vegetative growth. Yet, in planting 3, a marginally significant correlation between days 6 to flowering and silique number was observed among the Col--0 individuals that 7 survived the winter (Spearman ρ =0.29, p = 0.07). 8 9 We observed in the 3 overwintering seasons a greater spread in the timing of life--history 10 transition. Planting 1 was started in early December and no germination occurred 11 before spring. Although the precise germination date was not scored for the first 12 planting, we observed that germination was staggered across 1 month. This observation 13 was repeated for planting 5, where germination occurred after 2--3 months (Suppl. 14 Fig. 3 ). This spread in the average timing of flowering was 21 observed only in planting 3, the only planting where the two genomic backgrounds 22 showed a significant difference in development (Suppl. Fig. 3 ). We further observed that life time fruit production also varied by up to 36--fold across 6 successive seasons. This is likely to be due to the dramatic environmental differences to 7 which genotypes are exposed throughout the successive seasons. Indeed, level of 8 fluctuation for a winter annual cycle replicated over 5 distinct years reported up to 7--9 fold fitness fluctuations [21] . Because overwintering generations tended to reach higher 10 fitness than summer generations, we can further conclude that, at the latitude where 11 this experiment was conducted, variation in characters important for winter survival 12 may be comparatively more crucial for adaptation than those important for completing 13 a life cycle in summer. Nevertheless, since we also observed that the life--history stage of 14 overwintering could change across years, the traits exposed to winter selective 15 pressures also likely fluctuate. 16 17
Seasonal fluctuation in expressed life history differences between genotypes 18
Based on previous laboratory studies, we expected that the two backgrounds would 19 display markedly different life histories in the field. The genotype C24 was reported to 20 flower 11 days after Col--0 in long day conditions but is a relatively early genotype under 21 short day conditions because of a weak FLC allele [30] . In addition, high ambient 22 temperature (27--30°C) triggers faster flowering in Col--0, but delays flowering in C24, 23
whereas C24 seeds matured under long day conditions at 20°C showed 2 weeks longer 24 primary dormancy than Col--0 (JDM, pers. com.). 25 1
Life history decisions such as germination and flowering time are known to be 2 dependent on the environment [27,33,37--39] . Here, we show that phenotypic 3 differences between genotypes can be either masked or exposed across the successive 4 life cycles of a natural setting. Indeed, a major difference in the timing of flowering of 5
Col--0 and C24 was observed only when seeds were sown at the end of August. The late 6
summer time window has been demonstrated to impact the manifestation of flowering 7 time differences controlled by the vernalization pathway [37]. 8 9
The Col--0 genotype appears better adapted to the experimental site 10
The relative fitness of the Col--0 and C24 backgrounds were reported to change markedly 11 across geographical sites [23] . The Col--0 genotype produced 50% more siliques in Halle, 12
Germany, but its fitness was 12% of that of C24 in Norwich, UK, while both genotypes 13 showed comparable fitness in Valencia, Spain [23] . In our experiment, the Col--0 14 background generally displayed higher fitness than C24 despite temporal seasonal 15 fluctuations. This suggests that it is generally well adapted to the climatic conditions of 16 our field. Its genome is assigned to a Western European A. thaliana clade of genotypes 17 originating from natural stands in Germany [29] . The magnitude of the fitness difference 18 nevertheless changed markedly across soil conditions and seasons. A recent study 19 reported that A. thaliana genotypes originating from Southern latitudes, which is the 20 case for C24, perform comparatively well at intermediate temperate latitudes [40] . C24, 21 however, did not perform better than Col--0 even in sand where water limitations might 22 have provided it with an advantage. In fact, the Col--0 genotype performed better than 23 C24 in sand, even though plants suffered a 3--week long period of high temperature 24 without precipitation in planting 2 (Fig.1, Fig. 3 ). Yet, we also observed that micro--25 geographic heterogeneity in substrate, which is commonly found in natural A. thaliana 1 stands, can magnify or mask differences observed between Col--0 and the Southern 2 genomic background C24 (Fig. 3B ). 3 4
Rare but radical events counter select inappropriate flowering time 5
The evolution of gene frequencies in natural populations depends on differential fitness, 6 and therefore on the environmental factors that promote or buffer the expression of this we are facing for plant (or animal) species that can shift their temporal niches across 17 generations. The likelihood that given genotypes meet the seasonal window where their 18 selective advantage can be exposed will have to be characterized. For this, the genotypic 19 specificities of plastic life history regulation (as e.g. in [45]), the temporal environmental 20 variance, and the scale and impact of micro--geographic substrate heterogeneity will 21 have to be jointly evaluated. Table 3 : Coefficient estimates for minimal generalized linear model after sequential removal 1 of non significant interaction terms performed on lifetime fruit production (silique number) in 2 planting 1, 2, 4, where both genomic backgrounds survived and reproduced. Signif. codes: 0 3 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 (Dispersion parameter for Negative Binomial (r = 2.9) 4 family taken to be 0.8304712). 
